r_isenberg.docR. Isenberg, Page 1, 02.04.97Reengineering in the aircraft industryusing business process modellingRandolf IsenbergDaimler-Benz Aerospace Airbus21111 Hamburg, GermanyTel.: ++40-7437-4166to be presented at3rd Knowledge Engineering ForumTopic: Knowledge Engineering & Business ProcessesKaiserslautern10. and 11.04.1997IntroductionLike other industries, the aircraft industry is under high pressure to meet drastically increasedcustomer goals for market price and flexibility. This while at the same time share holders request forshort term profit guarantees. Daimler-Benz Aerospace Airbus has met this challenge using businessprocess reengineering methods which led to total company restructuring from functional orientationto customer and product orientation.This paper will show how business process modelling techniques have been applied. Especiallyconcurrent engineering methods are used to integrate the various disciplines involved from marketanalysts over design, commercial to industrialization staff.It is mainly the balance between centralization towards product and customer identification and atthe same time distributed operationalization of processes leading to autonomous centers ofcompetence.The next chapter will shortly review business process reengineering, organization theoretical aspectsand concurrent engineering as a basis for the concepts presented.Business process modelling in aircraft industry starts with a problem analysis. From this a businessprocess concept for customer and product orientation is derived. Using the basic principles ofconcurrent engineering, a solution for integration functions over business processes is presented andthe necessary changes to planning and controlling the economical aspects of the product.State of the artThis chapter will shortly review some research topics, namely business process reengineering,organization theory and concurrent engineering which are relevant for the application example inaerospace industry.

r_isenberg.docR. Isenberg, Page 2, 02.04.97BPRBusiness process reengineering BPR [Hammer et al. 93] is essentially value engineering applied tothe system to bring forth, sustain, and retire the product, with an emphasis on information flow. Bymapping the functions of the business process, low value functions can be identified and eliminated,thus reducing cost. Alternatively, a new and less costly process, which implements the function ofthe current process, can be developed to replace the current one.A basic feature of these optimized business processes lies in their potential flexibility in response tochanges in their environment.Another definition for Business Process Redesign is "the analysis and design of workflows andprocesses within and between organizations" [Davenport et al. 1990].However there are early warnings such as that, as typically implemented, BPR drives fear into theorganization and destroys the social dimension of the sociotechnical system which produces theproduct or service. Under these conditions, BPR will lead to a reduction in value to the customerand hence to a reduction in the value of the enterprise [Deming, 1986]. [Lalli 1996] cites convincingevidence that downsizing reduces the long term value of a company«s shares unless considerableeffort is put into training the employees left, and thus treating them as valuable assets.BPR implementation is usually guided by consulting companies to avoid the biggest obstacles, i.e.•lack of sustained management,•unrealistic scope and expectation and•resistance to change.However, it is questionable whether for each company a unique process organization has to bedeveloped. It is much more efficient to concentrate on the main functions and for the rest adoptreference processes extracted from a variety of consulting projects [Scheer 94]. This computer-based description of reference models for reengineering business processes affords valuableassistance during business process reengineering. Another problem during BPR realization is themanagement of huge amount of information while analysing and designing the processes. TheARIS-Toolset [Scheer 94] is an integrated environment for developing, navigating and analysingbusiness models.Organization theoretical backgroundThe basic concept of organization theory has already been adopted in enterprise modelling since1981 [Fox 81]. Modelling on the one hand side helps understand the functioning/ malfunctioning ofsystems and serves as well as a shared database providing a well defined terminology of anenterprise [Fox et al. 93]. A logical framework for enterprise modelling under different perspectives,e.g. for activity based costing can be found in [Gruninger et al. 94], [Fox˚et al. 95]. In [Isenberg 90]an organization model for CIM Computer Integrated Manufacturing is derived from an organizationtheory including a process, product and ressource model which are implemented at shop floor level.There are two main problems to be solved while defining an organization model, i.e. the reductionof complexity and uncertainty.

r_isenberg.docR. Isenberg, Page 3, 02.04.97While complexity is reduced by an optimized structure of the enterprise, the uncertainty is handledby its control principles. However structure and control are interdependent, so that with a goodstructure, the control effort can be reduced as well. Figure 1 further subdivides the structure in taskstructure, coordination structure and information structure.The task structure represents mainly problem partitioning, e.g. a hierarchically decompositionbringing about a set of less complex problems. The coordination structure takes care of theinterdependencies between the members of this set. Whereas the information structure shows thenecessary information flow between members.organization systemcomplexitystructurepartitioningcoordinationinformationuncertaintycontrolalgorithmmodelstructureparametersstateFig. 1: Design components of an organizationsystem The design of control has the goal to minimize the uncertainty by specifying control algorithms andthe underlying world model which describes the structure, parameters and states of the enterprise.Basically it is assumed that with no uncertainty about the world model, no control should benecessary. For practical applications it is very important that the uncertainty in control algorithmsand the world model should be remembered as well. Analytic algorithms are available only for quitesimple models of the real world, so that for complexer models, heuristic knowledge is used.In this paper, the organization theory view will be used to describe the organizational changes fromfunctional to product management organization in Daimler-Benz Aerospace Airbus.Concurrent Engineering CE and Computer Supported Cooperative Work CSCWConcurrent Engineering CE and Computer Supported Cooperative Work are both answers to theproblem of integrating specialists towards an overall enterprise task. However, they differ in theirfocal point.CSCW [Mc Carthy 94] focuses on the cognitive and interpersonal aspects of group work such aspersonality, skill-level and expertise.CE [Reddy et al. 93] is the attempt to support different stakeholders such as market analyst,designers, industrialisation and commercial specialists by enabling cooperation during productdevelopment. CE emphasizes response to customer expectations and embodies team values ofcooperation, trust, and sharing in such a manner that decision making proceeds with large intervalsof parallel working by all life-cycle perspectives, synchronised by comparatively brief exchange toproduce concensus.While team work has been acknowledged as an effective approach, wide-scale adoption of thisapproach proved to be difficult due to the rigid hierarchical structure of our organizations and thelack of tools that enable real-time communication among team members working in heterogeneous,geographically distributed environment. To overcome the barriers, the notion of a tiger team is r_isenberg.docR. Isenberg, Page 4, 02.04.97proposed by the DARPA (Defense Advanced Research Projects Agency) Initiative in ConcurrentEngineering (DICE). These are interdisciplinary teams that are physically collocated in order toenable concurrent product development. In addition, a so-called virtual tiger team is introduced toextend the approach for locally scattered teams of experts who collaborate using a computersupported collaborative environment over the network.Business process modelling in aircraft industryProblemanalysisThe competitive market and the net income situation of the company were the main driving factorsto start a business reengineering project. To achieve at the same time reductions in cost by morethan 30%, leadtime up to 50% and a drastic increase for customer flexibilty was not possible usingthe normal cost reduction procedures [Tijssen et al. 96].At the starting point of the business reengineering project, the structure of the organization was atypical functional hierarchy (Fig. 2). Using the notation of [Fox 81], the partitioning was achieverdaccording to functions such as aerophysics or electrical system development. To reduce thecomplexity, functional groups have been defined. The coordination is hierarchical and centralizedper function or function group, i.e. the main effort is on optimizing the functional knowledge overseveral product programs. This facilitates at the same time manpower balancing. The informationas well was centralized per function group.

board of managementFig. 2: The functional organization(simplified)programmsA320 ...A340 ...etc.. pre-develop.aerophysicsaerodyn.etc.

developmentelectr. syst.cab. furnishingetc.

productiondrillingsection ass.etc.

customer supp.in service probl.tech. publ.etc.

economicsresourcesfinance.etc.

STRUCTUREpartitioning=functional (aerophysics ...)coordination=hierachical, centralized per function groupinformation=centralized per function groupCONTROLalgorithm=minimize themeanmalfunction of a function groupmodel=structure , parameters (e.g. number of functions), states (e.g. deliveries)The control was characterized by minimizing the mean malfunction of a function group, i.e. if thepercentage of lead time increase or cost increase was kept under a limit the functional group wasregarded as working sufficiently well. The problem was that a functional group head did not havethe overview about the result of his optimization for a single customer order and its path through thewhole enterprise. It may be that a small delay for a specific order has a much severe impact on thetotal customer delivery delay than a large delay for another order of his work load.

r_isenberg.docR. Isenberg, Page 5, 02.04.97Another disadvantage of such an organization is that it handles routine jobs with the same complexprocedures/processes as highly sophisticated development tasks.Concerning the seperated economic function, economists tend to think they are the only ones whoare responsible for the economical situation of the enterprise. This is one reason why engineers tendto optimize according to technical criteria rather than looking together with the economist for atechnically and economically sound solution for the whole life cycle.The analysis at Daimler-Benz Aerospace Airbus was supported by the consulting company Diebold[Tijssen et al. 96]. After defining the main project goals, an analysis of 100% of manpower for therelevant functions was performed. It revealed the possible regions for improvement which were lateron investigated with a detailed process analysis for possible optimization. With the project goals, aset of main processes with strict process orientation have been identified and a process-owner fromtop management has been assigned. Basically, the processes were derived from the life-cycle phasesof a product, i.e.,AProduct development/prototyping,BSeries productionCAfter salesWith his center-team the top-manager was responsible for achieving the goals in his main process.After defining the main concepts, realization projects were defined and a detailed control of goalachievement started.Concept for Customer and Product OrientationThe most important conceptual idea was to restructure the enterprise from a customer- and product-oriented view point. Therefore the formerly functionally oriented company was "horizontally"divided into its major product lines, taking into account technical aspects as well as its actual pointin the life cycle. For the Airbus products these were:•Single Aisle:A319, A320, A321 the single aisle Airbus in the middle of its life cycle,•Long Range:A330, A340 the twin aisle Airbus at the beginning of its life cycle and•Wide Body:A310, A300 the twin aisle Airbus in the second half of its life cycle.As the top level organization is life cycle based, the internal organization of the product lines is aswell.Figure 3 shows that for the product development phase of a derivative, a small managementgroup is built including technical, industrial and economical responsibility. This group works like acompany in the company and manages the development centers and factories like a group ofsuppliers.

r_isenberg.docR. Isenberg, Page 6, 02.04.97Fig. 3: Organisation of product management over life cyclecustomerorderdefinitionprogrammeplanningcommercialengineeringSERIES PRODUCTION chief eng.commercial AFTER SALESin serviceproblemnew derivative

PRODUCT DEVELOPMENTchief eng.programmeplanningbusinesscontrollingDEVELOPM:CENTERSPRODUCTIONCENTERSPRODUCT MANAGEMENT

The series production phase was optimized following the guideline: Standardize as much aspossible and then build an organization following the flow of the customer order. Afterstandardization introducing catalogue items, the engineering functions were mainly assemblyoperations of existing solutions. The responsibility of a single engineer changed from a small highlysophisticated area to a broader view over several functions. The main advantage is that it is easierfor him to foresee the influence of his decisions on the total path of a single customer. The earlieroptimization for mean malfunctioning could be changed towards the optimization of each customerorder.The resulting organization (Fig. 3) included the engineering in the product managementorganization. So that in this case, only the factories are regarded at as suppliers.The after sales organization has to handle spare parts and, most important for the organization, thetechnical problems found during the in-service period of the airplanes. As these problems areusually highly sophisticated by nature, the engineering specialits centers are in charge again and theproduct management takes the management task.Each of the internal life cycle organizations exists as part of the so-called product management forthe product line led by a single product manager (Figure 3).Concurrent Engineering Concept for routine jobsThe above described organizational aspects for the engineering are part of a concurrent engineeringconcept for routine jobs which includes the functions:1.Customer relation for orders/problems2.Engineering3.Customized procurement4.Industrialization/production5.CommercialThe implementation is done in two steps.

r_isenberg.docR. Isenberg, Page 7, 02.04.97The first step is a reduction of layers in the hierarchy of the organization to overcome the in-flexibilty and to increase the responsibility at the process level. In this environment, formerdepartment heads are functionally responsible over a broader range of functions (Fig. 4). Of coursethis is only likely to be successful if the number of people managed is regarded as more valuablethan the functional project responsibility.Fig. 4: The two step approach for concurrent engineering FSTEP 1The reduction of layers lower levels gethigher project responsibility STEP 2"The table with 5 corners"

FCustomerProductionCustomizedprocurementEngineeringCommercial a corner means technical responsibility decisions are taken for all aspectsThe second step is very much comparable to the tiger team approach [Reddy et al. 93]. Due to the 5involved functional disciplines we are placing around a table, we call it "The Table with 5 Corners"concepts (Fig. 4). With the title, we want to express, that•decisions are taken including all relevant aspects for the customer order,•each function has its own technical responsibility, i.e. corner and•the availability is secured even for spontaneous questions.Regarding the five layer concept of [Reddy et al. 93] we concentrated on the collaboration layer andthe enterprise information model layer. For the collaboration layer we adopted methods used in theCIM computer integrated manufacturing field to reach common visibility of activities and data,planning and scheduling activities etc. This is possible because a shop floor responsible has a similarproblem, i.e., to overlook a large number of functions and states, different directly and indirectlyinvolved staff etc. However it is much more difficult to plan the process steps in the engineeringenvironment. In scheduling terminology we have e.g. overlapping batch production and a largevariance in lead time.The information model layer is again defined from the life cycle phases. So there is an informationmodel for the development phase, the series production and after sales. The main goal is to modeltechnical, time and commercial aspects in relation to the product or a product oriented process step,which in this context, could e.g. mean an aircraft section to be transported to the final assembly line(Fig. 5).

r_isenberg.docR. Isenberg, Page 8, 02.04.97Fig. 5: The enterprise information model for series production(extremly simplified) shipping to St. Nazairerear fuselage sectionsstructure s 13, 14, 14Astructure s. 13paintingstructure s. 14etc.systempassenger doretc.

information model based on the production process allowing control of technical, commercial and time aspectsEconomical concept for customer orientation with life cycle viewAs the product management organization deals with specific problems over the life cycle, thesolution for economical business processes does as well.The economical concept for customer orientation will be described using a 3 phase view (Fig. 6),which is typical for high-tech companies.Technological phase:Typically in high-tech companies, the technological feasibility is the main driving factor, i.e. thedevelopment department has top priority. Cost/benefit analysis is mainly done after the developmenthas been finished. Usually, major changes to the design were necessary to meet the budget limits(Fig. 7).Problems:•the technical solution lost its overall soundness due to top down budget reduction. During therealization phase, unplanned cost may finally reach the original budget overflow, because thebasic technological approach is not changed,•the customer view has only low priority, i.e., marketing and sales were only barely included inthe product definition process and•the life cycle cost has minor priority, the most important is the short term investment budget andthe labor force needed for the development phase.

r_isenberg.docR. Isenberg, Page 9, 02.04.97Fig. 6: From technological and economical orientation to customer orientation by adding the external view economicsdevelopmentproductionmarketingsalesCUSTOMER after salesCUSTOMERTECINTERNAL company optimisation

T-Phase technological feasibility budget controlling

E-Phase economical/commercial orientation target costingEXTERNAL company optimization

C-Phase customer oriented life-cycle cost

INTERNAL view includedFig. 7: Customer orientation with life cycletargets idearough techno-logical concept target costing economicalboundaries detailed technicalandcommercialconcept milestonecontrolling Economical phase

Technology phase rough techno-logical concept technicalcheck detailed tech-nical concept cost/benefit ideausuallytooexpensivedesignneedsseveralloops Customerlife cycle phase idea, customer andmarket requirements life cycle targets fortechnology and costing technical andcommercial concept milestonecontrollingEconomical phase:An unsatisfactory cost/benefit ratio may jeopardize the existence of the company. Usually, at thattime, the priorities are changed drastically from technological to economical priorities. In this case,pure top down budget reduction is the first step. The problem is that development departments tendto give up their responsibilty.To integrate the economical responsibility as a major part of decision making in the totalorganization mainly including the development departments, the concept of target costing has beenintroduced. Whereas the technological phase started with a cost/benefit analysis after thetechnological solution was already in a detailed state, the economical phase forces a target costingstep after the rough technological concept (Fig. 7).The results of this step are mainly economical boundaries. The technical staff has now the task tofind a solution inside these boundaries. If the final concept is accepted, a milestone controlling startsat a high level of aggregation. This leaves the responsibility to project leaders for technical andeconomical decisions inside the boundaries.Problem:

r_isenberg.docR. Isenberg, Page 10, 02.04.97•The technological and the economical priority are both driven by an internal company view.High achievements in technological feasibility or cost reduction tend to hide possible negativeimpact on the customer satisfaction, i.e., a technological sound and/or low cost product is notautomatically a success on the market.Customer oriented phase:The external view means looking from the customer into the company (Fig. 6). Marketing and salesget a new priority and have to be integrated in the product management decisions. The introductionof the whole life cycle view is the most important principle to ensure customer satisfaction andmeans for the costs to optimize:•acquisition costs (e.g. development),•operating and support cost (e.g. personnel, maintenance, replenishment spares) and•disposal costs.Maintenance costs and long term product quality have to be at least at the same priority level as theinternal technological and cost reduction goals. As the early design decisions establish the majorpart of life cycle cost the principle has to be introduced from the beginning, ensuring that thetypical trade-offs have been made to provide the best possible system at the lowest possible lifecycle cost. Trade-off are e.g.:•system/subsystem reliability and maintainability,•design simplicity and•design standardization.The customer oriented process (Fig. 7) starts with customer and market requirements analysis fromwhich the life cycle targets for technology and costing are derived. The following concept phase isnow focussed on a product which tries to balance the external and internal optimization view of thebusiness process.SummaryThis paper has presented a solution to business process reengineering and concurrent engineeringconcepts in the aerospace industry. The driving factor is the competitive market and the need forrigid profit orientation in globally oriented enterprises like Daimler-Benz Aerospace Airbus.Using organization theoretical results, the main focus has been placed on structure and control toreduce complexity and to enable the organization to deal with uncertainty. The business processmodels derived centralize management tasks around order fulfillment for a product line while at thesame time operational tasks are distributed.The main structuring criterion is the product life cycle. Each phase from product development,series production to after sales has its own degree of distributed operationalization of processes. Inthe case of series production, standardization allows the integration of routine engineering tasks inthe management organization called product management. The integration concept proposedconsiders the layered approach for concurrent engineering including an enterprise model fortechnical as well as commercial aspects.The new orientation in economical optimization is towards the minimization of life cycle cost froman external customer view. Thus avoiding the drawbacks of pure technological or economical r_isenberg.docR. Isenberg, Page 11, 02.04.97internal company optimization. This ensures that commercial thinking is integrated in the businessprocess of product engineering.The forthcoming challenges are in the adoption of the information systems in the new organizationallowing new concepts for concurrent engineering like European concurrent development of thenext Airbus generation with our Airbus Industrie partners.References[Davenport 93]Davenport, T.H., (1993). Process Innovation: Reengineering Work Through InformationTechnology, Harvard Business School Press[Davenport et al. 90]Davenport, T.H., and Short, J.E., (1990). The New Industrial Engineering: InformationTechnology and Business Process Redesign, Sloan Management Review, pp. 11-27[Deming 86]Deming, W. E., (1986). Out of the Crisis, Massachusetts Institute of Technology Center forAdvanced Engineering Study, Cambridge MA.[Fox 81]FOX, M.S., (1981). An Organizational View of Distributed Systems, IEEE Transactions onSystems, Man, and Cybernetics, VOL. SMC-11, No. 1.[Fox et al. 93]Fox, M., Chionglo, J.F., and Fadel, F.G., (1993), "A Common Sense Model of theEnterprise", Proceedings of the 2nd Industrial Engineering Research Conference , pp. 425-429, Norcross GA: Institute for Industrial Engineers.[Fox et al. 95]Fox, M.S., Barbuceanu, M., and Gruninger, M., (1995), An Organization Ontology forEnterprise Modelling: Preliminary Concepts for Linking Structure and Behaviour, submittedto Fourth Workshop on Enabling Technologies - Infrastructures for Collaborative Enterprises, West Virginia University.[Gruninger et al. 94]Gruninger, M., and Fox, M.S., (1994). The Role of Competency Questions in EnterpriseEngineering, Proceedings of the IFIP WG5.7 Workshop on Benchmarking - Theory andPractice, Trondheim, Norway[Hammer et al. 93]Hammer, M. and J. Champy (1993). Reengineering the Corporation: A Manifesto forBusiness Revolution, HarperBusiness, New York NY.[Isenberg 90]Isenberg, R (1990). Wissensbasierte Integration von Produktionsplanungen in CIM,Dissertation RWTH-Aachen.[Lalli 96]Lalli, F., (1996). Why You Should Invest In Companies That Invest In Their Workers,"Money, March, p. 11.

r_isenberg.docR. Isenberg, Page 12, 02.04.97[Mc Carthy 94]McCarthy, J., (June 1994). The state-of-the-art of CSCW: CSCW systems, cooperative workand organization, Journal of Information Technology, vol.9, p.73-83[Reddy et al. 93]Reddy, Y.V. R., Srinivas, K., Jagannathan, V., Karinthi, R., [1993]. Computer support forconcurrent engineering, Computer, V26.,P12(4).[Scheer 94]Scheer, A.-W., (1994). Business Process Engineering Reference Models for IndustrialEnterprises, Springer, Hamburg.[Tijssen et al. 96]Tijssen, H., Isenberg, R., Brankamp, A., Gr�§ler, R., (1996). ProduktorientierteAuftragsabwicklung f�r den Airbus, VDI-Z, V5/96, p. 60-63